Soft tissue changes following extraction vs. nonextraction orthodontic fixed appliance treatment: a systematic review and meta-analysis The aim of this systematic review was to assess the effect of systematic extraction protocols during orthodontic fixed appliance treatment on the soft tissue profile of human patients. Nine databases were searched until December 2016 for controlled clinical studies including premolar extraction or nonextraction treatment. After elimination of duplicate studies, data extraction, and risk-of-bias assessment according to the Cochrane guidelines, random-effects meta-analyses of mean differences (MD) or standardized mean differences (SMD) and their 95% CIs were performed, followed by subgroup, meta-regression, and sensitivity analyses. Extraction treatment was associated with increased lower lip retraction (24 studies; 1,456 patients; MD = 1.96 mm), upper lip retraction (21 studies; 1,149 patients; MD = 1.26 mm), nasolabial angle (21 studies; 1,089 patients; MD = 4.21°), soft-tissue profile convexity (six studies; 408 patients; MD = 1.24°), and profile pleasantness (three studies; 249 patients; SMD = 0.41). Patient age, extraction protocol, and amount of upper incisor retraction during treatment were significantly associated with the observed extraction effects, while the quality of evidence was very low in all cases due to risk of bias, baseline confounding, inconsistency, and imprecision. Although tooth extractions seem to affect patient profile, existing studies are heterogenous and no consistent predictions of profile response can be made.
Comprehensive orthodontic treatment with fixed appliances includes two vaguely mutually exclusive treatment modalities: extraction; and nonextraction. Extraction is usually used to relieve moderate-to-severe crowding and/or to alleviate dental or dentoalveolar protrusion. Nonextraction treatment is, on the other hand, preferred for cases of minor skeletal and moderate dental discrepancies. The choice between extraction and nonextraction treatment is usually based on orthodontic training, treatment philosophy, or temporal trends (1, 2) . At the same time, the choice to extract teeth might have substantial impact on various parameters, such as vertical dimension, treatment stability, or arch widths, as well as on the perioral soft tissues and facial convexity (3) (4) (5) (6) (7) .
Several published studies have reported on the comparison of various protocols of extraction treatment with nonextraction treatment (4, (8) (9) (10) (11) (12) (13) . However, the critical appraisal of clinical evidence on the effects of extraction vs. nonextraction treatment is closely associated with the methodology implemented. For one, patient randomization to such fundamentally different treatment protocols that are also associated with extraction of multiple healthy teeth might be challenging, and this might influence the study results (14) . Therefore, in the absence of randomization, selection of cases to be compared in terms of adequate baseline matching is crucial in order to minimize baseline confounding, which might weaken the reliability of an investigation (15) . Several attempts have been made to contain such sources of bias in the orthodontic literature of extraction treatment (3, 16, 17) ; however, most of the existing literature remains prone to bias.
A number of systematic reviews have attempted to assess the effect of orthodontic extraction treatment on the facial profile (18) (19) (20) , but two of these did not perform quantitative synthesis (meta-analysis) (18) (19) (20) . The third perfomed meta-analysis on panel assessments, comparing the esthetic preferences of patients who had undergone extraction with those who had undergone nonextraction treatments (20) ; however only a handful of studies were included and methodological issues [i.e. a questionable basis for the statistical model (21) or inadequate handling of heterogeneity (22) ] existed that could affect their conclusions. Finally, none of the three reviews critically assessed the quality of meta-evidence and translated this into robust clinical recommendations using the Grading of Recommendations Assessment, Development and Evaluations (GRADE) approach (23) .
Therefore, the aim of the present systematic review was to assess, in an evidence-based manner, clinical studies that reported investigating the effect of orthodontic extraction on facial profile and to answer the research question: Is comprehensive treatment with tooth extractions associated with severe impediment of the facial profile of adolescent/adult patients compared with nonextraction treatment?
Material and methods

Protocol, eligibility criteria, and registration
The protocol for this review was made a priori based on the Preferred Reporting Items for Systematic review and Meta-Analysis Protocols (PRISMA-P) statement (24) , registered in PROSPERO (CRD42016049390), and all post hoc changes were appropriately noted. According to the Participants-Intervention-Comparison-Outcome-Study design (PICOS) schema, parallel randomized clinical trials and prospective/retrospective nonrandomized controlled cohort studies on human patients assessing the effect of any kind of systematic extraction protocol on the soft tissue profile were included. Cross-sectional studies, animal studies, nonclinical studies, and nonrelevant studies were excluded (Table S1 ). This systematic review was conducted and reported according to the Cochrane Handbook (25) and the PRISMA statement (26) , respectively.
Information sources and literature search
A total of nine electronic databases were searched systematically, without any limitations, by a single author (S.N.P.), from inception until 11 December 2016 (Table S2) . Two additional sources (Google Scholar and the ISRCTN registry) were manually searched for additional trials or protocols by the same author. Authors of trials included that had a large sample size were also contacted and asked to provide additional data (Table S3) . No limitations concerning language, publication year, or status were applied. The reference lists of the included trials and relevant reviews were also manually searched.
Study selection, data collection, and risk of bias in individual studies
Titles, abstracts, and full texts of studies identified from the literature search were screened by a single author (D.V.) with a subsequent duplicate independent check against the eligibility criteria by two authors (D.K. and S.N.P.), while conflicts were resolved by another author (T.E.). The same protocol was applied for the extraction of study characteristics (study design, setting, country, and language; patient number, sex, age, and malocclusion; extraction protocol; orthodontic appliance, anchorage, and duration; outcome assessed; conflict of interest) and numerical data using predetermined and piloted extraction Fig. 1 . Flow diagram for the identification and selection of studies in this systematic review.
forms. Piloting of the forms was performed during the protocol stage until over 90% agreement was reached.
The risk of bias in the randomized and nonrandomized studies included was assessed using Cochrane's risk-of-bias tool (25) and the Downs and Black (27) tool (Table S4) , respectively, based on guidance from the Cochrane Handbook (25) .
Data synthesis
The primary outcome for the meta-analysis was the sagittal position of the lower lip, measured cephalometrically with its distance from the E plane (LL-EL). Secondary outcomes included the distance of the upper lip from the E plane (UL-LL), the nasolagiabial angle (NLA), and the soft-tissue-profile convexity angle excluding the nose (SPC; measured as soft nasion-subnasale-soft pogonion). Additionally, the patient-relevant outcome of esthetic profile assessment by a panel was included.
As the effects of orthodontic fixed-appliance treatment is bound to be affected by many factors, including type of orthodontic appliances, treatment duration, and biological patient profile (28-30), a random-effects model was deemed appropriate to encompass this variability and calculate the average distribution of true effects among studies. The novel Paule-Mandel random-effects estimator was used instead of the DerSimonian and Laird one, based on recent guidance (31) .
Mean differences (MDs) of treatment-induced changes (post-treatment minus pretreatment), with their corresponding 95% CIs, were chosen as effect measures from continuous outcomes. Standardized mean differences (SMDs) were used to pool the different panel-reported scales used to assess profile esthetics. In addition, SMDs were also calculated to assess the extent of differences between extraction (Ex) and nonextraction treatment (Non-Ex) groups at baseline for each of the four outcomes, for baseline sagittal upper incisor position, and for the amount of treatment-induced upper incisor retraction (Appendix S1).
Absolute and relative between-trial heterogeneity was quantified using the tau² metric and the I² statistic, respectively. The latter is defined as the proportion of total variability in the results explained by heterogeneity and not by chance (22) . We calculated 95% CIs around all heterogeneity measures to quantify existing uncertainty, and calculated 95% predictive intervals (PrIs) for meta-analyses of three trials or more, to incorporate existing heterogeneity and provide a clinically relevant range of possible effects for a future clinical setting (32) . All analyses were run in Stata SE 14.0 (Stata, College Station, TX, USA) by one author (S.N.P.). A two-tailed value of P = 0.05 was considered significant for hypothesis testing, except for P = 0.10 that was used for the test of heterogeneity and reporting biases because of low power (33) .
Additional analyses and risk of bias across studies
Possible sources of heterogeneity were a priori planned to be sought through mixed-effects subgroup analyses and random-effects meta-regression for meta-analyses of five or more studies, and included: mean patient age, percentage male proportion of the patient sample, and amount of incisor retraction during treatment (Appendix S1). Indications of reporting biases (including small-study effects and publication bias) were performed for meta-analyses of ≥10 studies (34) using contour-enhanced funnel plots and Egger's test (35) . The overall quality of evidence (confidence in effect estimates) for each outcome was rated using the GRADE approach (23) . The minimal clinically important, large, and very large effects were defined a priori (Appendix S1) and were used to augment the produced forest plots with contours of effect magnitude (36) . Robustness of the results was checked through a sensitivity analysis controlling indirectly for systematic baseline differences between the Ex and NonEx groups (confounding), by including only studies with only small or moderate differences (SMD ≤ 0.5; Appendix S1).
Results
Study selection
The literature search yielded a total of 1,006 hits (Fig. 1) ; assessment of the full text was performed for 104 after eliminating duplicates and ineligible studies according to title or abstract (Table S5) . Finally, a total of 65 papers were identified as eligible for inclusion in the present systematic review. After pooling multiple journal papers/ Orthodontics extractions and profile dissertations relating to the same study, a total of 52 unique clinical studies published in English, Chinese, German, Indonesian, Korean, or Portuguese, between 1987 and 2016, were included. Apart from data from published reports, 11 authors of studies with a large sample size (i.e. ≥80 patients) were contacted and asked to provide raw data for re-analysis; however, only two replied, and only one provided raw data (37) . Table 1 Final meta-analyses used as the main analysis in the current study 
Lower lip -E plane change in Ex vs. non-Ex
Very large Large Medium Small Fig. 3 . Forest plot on change of lower lip-E plane distance following extraction (Ex) or nonextraction treatment (Non-Ex). 2PM, two premolars; 2PM1, two first premolars; 4PM, four premolars; 4PM1, four first premolars; 4PM2, four second premolars; MD, mean difference; pooled , multiple trial arms have been pooled together; PrI, predictive interval; SG , subgroup. Details of the references cited are given in Tables S5 and S6 .
Study characteristics
The descriptive characteristics of the 52 studies included are presented in Table S6 . Of these, only one (2%) was a randomized trial, two (4%) were prospective nonrandomized cohort studies, and the remaining 49 (94%) were nonrandomized studies of unclear or retrospective design. Most studies were conducted in university clinics or private practices in at least 13 different countries. Overall, 1,876 patients were included: the mean age was 14.0 years (calculated from the 28 studies reporting age) and 31.2% of the patients were male (calculated from the 22 studies reporting sex). The majority of studies included assessed angular and/or linear variables from analysis of lateral cephalograms, while four studies assessed profile esthetics of patients in Ex and Non-Ex groups.
Risk of bias within studies
The risk-of-bias assessment is separately reported in Table S7 for the identified randomized trial and in Table S8 and Fig. 2 for the identified nonrandomized trials. The randomized trial was judged as being at high risk of bias because of issues in the random allocation of patients in groups, the lack of outcome assessor blinding, and the lack of generalizability to the average patient. Likewise, all nonrandomized studies presented a high risk of bias for at least one domain, with the most problematic domains being lack of blinding, data dredging or multiple testing, baseline confounding, and incomplete reporting. Incomplete reporting was of particular interest as it precluded, in many instances, the use of patient-or treatment-related characteristics as covariates in the planned subgroup analyses.
Data synthesis
Most of the analyses were based on the data included in the published report. The only exception was the study of BOWMAN & JOHNSON (37) , in which the authors provided raw data for reanalysis (Tables S9-S11 ). The results indicated that extraction treatment was associated with an additional retraction of the lower lip from the E plane by 1.9 (95% CI: 1.2-2.6) mm and at the same time with a more esthetically favorable profile by 4.4 (95% CI: 0.5-8.4) Visual Analogue Scale (VAS) points than nonextraction treatment (Table S10) . However, discernable differences in facial esthetics were higher among dentists' panels than among those of Tables S5 and S6 .
Orthodontics extractions and profile Tables S5 and S6. laypersons (differences of 8.3 and 3.0 VAS points, respectively). Also, extraction of two premolars (2PM) was associated with less retraction of the lower lip and more favorable facial esthetics than the extraction of four premolars (4PM) ( Table S11) . Meta analyses were performed initially by pooling separate experimental arms provided by each study to compare any extraction protocol with nonextraction treatment. However, as the results were highly heterogeneous (Table S12) , a separate analysis distinguishing between the Ex subgroups of 2PM and 4PM was ultimately included ( Table 1) .
As far as the primary outcome is concerned, extraction was associated with an additional retraction of the lower lip compared with nonextraction treatment (Fig. 3) , which was significant only for the extraction of 4PMs (MD = À2.0 mm; 95% CI = À2.4 to À1.3 mm).
The position of the upper lip was likewise not significantly affected by extraction of 2PMs, only by extraction of 4PMs, in which additional upper lip retraction was found (MD = À1.4 mm; À2.0 to À0.7 mm) compared with nonextraction treatment (Fig. 4) . The NLA was significantly increased compared with nonextraction treatment protocols by the extraction of either 2PMs (MD = 2.4°; 95% CI = 0.9 to 3.9°) or 4PMs (MD = 4.4°; 0-5.9°) (Fig. 5) . On the other hand, extraction of 4PMs -but not of 2PMs -was associated with an increase of the SPC compared with nonextraction treatment (MD = 1.8°; 95% CI: 0.8 to 2.9°) (Fig. 6) . Finally, extraction profiles were judged as more esthetically pleasing than nonextraction profiles by mixed panels (SMD = 0.4; 95% CI: 0.2 to 0.6), although this was mainly discerned by dentists and not by laypersons (SMD values of 0.7 and 0.3, respectively; Table 2 ).
Significant differences were observed between the 2PM and the 4PM subgroup for the outcomes of LL-EL and SPC, wherebe the latter had a significantly greater impact on the facial profile (Table 1) . However, both absolute and relative heterogeneity remained high for four of the meta-analyses, even after breaking the analysis into subgroups of 2PMs and 4PMs (tau 2 > 1.0 and I 2 > 75%). Therefore, we attempted to identify further sources of heterogeneity through meta-regressions and subgroup analyses (Table 3 ; Tables S13-S14; Fig. S1 ).
No effect was found for patient age or sex on the response to extraction, apart from NLA, for which a significantly greater increase (of 0.6°per patient year) was found for older patients in Ex compared with Non-Ex groups. Additionally, among studies reporting extraction of 4PM, significant differences were seen between extraction of four first and extraction of four second PMs, the latter being associated with a greater increase of the SPC angle (Table S13) . Finally, the amount of incisor retraction during treatment was significantly associated with extraction effects, with an additional 0.7 mm of lower or upper lip retraction and an additional 1.6°of NLA increase for each additional millimeter of upper incisor retraction (Table 3 ; Fig. S1 ). This is important as orthodontic extractions can be performed for a wide variety of indications and the effect of postextraction incisor retraction during treatment explains part of this heterogeneous soft tissue response. A number of sensitivity analyses were conducted to assess the robustness of the analyses to methodological characteristics, with most finding no significant thread to the results' validity and no signs of reporting bias (Egger's test was nonsignificant in all cases). However, baseline differences between the Ex and Non-Ex groups had a significant influence on the reported changes of the upper lip and the lower lip (Fig. S1) , indicating baseline confounding. Therefore, all meta-analyses were performed by including only a subset of identified studies that had relatively comparable groups at baseline for each outcome (SMD ≤ 0.5; Table 4 ; Figs S2-S6). Extraction effects on the profile were slightly less pronounced in the sensitivity analysis than in the original analysis, although the differences were small.
The GRADE assessment using the more consistent meta-analyses from the sensitivity analysis was judged to be of very low quality, according to GRADE (Table 5; Table S15 ) because of the inclusion of nonrandomized studies with methodological limitations, inconsistency, and imprecision. A dose-response relationship was observed between lip retraction and incisor retraction, but GRADE was not upgraded because of the abovementioned issues.
Discussion
The present systematic review summarizes evidence from clinical studies comparing the effects of extraction and nonextraction fixed appliance treatment on the soft tissue profile. Overall, we identified a total of 52 clinical cohort studies published in the last 30 yr in which a total of 1,876 patients, treated according to either a Table 2 Meta-analyses concerning the esthetic perception of faces from external panels and subgroups systematic extraction protocol or a nonextraction protocol, were compared; subsequently, only studies with premolar extractions were analyzed quantitatively. The results of the meta-analyses indicated that extraction treatment potentially impacted the soft tissue profile of patients, with changes being more pronounced in the 4PM extraction protocol compared with the 2PM extraction protocol ( Table 1) . Extraction of 4PM led to significantly greater retraction of the upper/ lower lip from Rickett's E plane, as well as increased NLA and SPC (excluding the nose) compared with nonextraction treatment. On the other hand, extraction of 4PM led to a statistically significant increase only of the NLA. However, it must be noted that a considerably heterogeneous soft tissue response was observed, which means that tooth extractions could not consistently predict a retraction of the upper/lower lip or an increase of the NLA and the SPC (as the 95% PrI included both negative and positive values). This agrees with historical articles in orthodontics on the pattern and unpredictability of the soft tissue response after tooth extractions and incisor retraction (38) .
Regarding subjective outcomes, orthodontic extraction treatment was associated with statistically significantly more pleasing face esthetics than nonextraction treatment ( Table 2 ). The clinical relevance of this is, however, questionable because the magnitude of this esthetic advantage was weighted unequally as moderate and small by dentists and laypersons, respectively. This can be most safely attributed either to a baseline skeletal/dental protrusion that is accommodated to a more pleasant profile through extraction treatment (37) or an induced protrusion resulting from nonextraction treatment, but the quality of evidence is very low due to bias, and caution is warranted.
Considerable heterogeneity was seen in the effects of extraction treatment on the facial profile, with a wide variety of patient-, treatment-, or study-related factors explaining part of it. First of all, a significant association was seen between patient age and treatment-induced increase of the NLA through metaregression (Table 3) , with older patients showing a greater increase in the NLA than younger patients. This might be explained from either prolonged nasal growth up to adulthood or age-related changes of the lips (39) .
Furthermore, both treatment-induced retraction of the lower lip/upper lip and treatment-induced increase of the NLA were found to be significantly associated with retraction of the upper incisor during treatment (Table 3) . This means that part of the greater soft tissue changes observed in patients from Ex groups compared with those from Non-Ex groups could be attributed to the upper incisor being more retracted among the former. This finding is of high clinical relevance for orthodontists during the treatment planning stage, as it implies that extraction might have a smaller impact on the facial profile if the incisors are retracted less during treatment (i.e. if extraction spaces are closed through mesial movement of the posterior teeth or if extractions are used to accommodate blocked-out Table 3 Meta-regression analyses according to patient age, percentage of male patients in the sample, and amount of upper incisor retraction difference between the extraction and nonextraction teeth). This finding agrees with previous studies of extraction patients that highlight the correlation between maxillary incisor retraction and change in soft tissue profile (40) (41) (42) , while at the same time commenting on the lack of predictability. The present study builds on the epidemiological robustness of these by integrating the response in the Non-Ex groups, while also adding the effect of maxillary incisor retraction on the NLA. Baseline lip thickness might be another important modifying factor in the soft tissue response to orthodontic extraction treatment. It has been reported that a correlation between treatment-induced incisor retraction and lip retraction exists -mainly for patients with thin lips or high lip strain but not for patients with thick lips or low lip strain (42) (43) (44) . However, it must be also taken into consideration that lip thickness might also be influenced by incisor position (45) . Unfortunately, only seven studies identified in the present review reported on baseline lip thickness and used three different cephalometric variables. As a result, no meta-regression could be performed to assess the influence of baseline lip thickness on treatment-induced lip retraction as fewer than five studies used the same variable, and therefore the role of lip thickness or strain remains unclear.
Finally, the study design characteristics of the included studies were closely related to the studies' results, and specifically to baseline imbalances between extraction and nonextraction patients in the position of the upper lip or lower lip that were significantly associated with the amount of treatment-induced upper lip or lower lip retraction (Table S14 ). This could have direct bearing on the conclusions drawn from the present systematic review, as a large portion of the studies included in the meta-analyses compared patients that were, at baseline, vastly different (Figs. S2-S3 ). Therefore, sensitivity analyses were performed by including only relatively matched studies with small-to-moderate baseline imbalances between extraction and nonextraction patients (Table 4) , which indicated that extractions affected the facial profile less than in the original analyses. Therefore, clinical recommendations along the GRADE guidelines were based on the sensitivity analyses (Table 5) , which were deemed as being less biased. Empirical evidence of bias originating from lack of matching has been previously identified in orthodontic literature (46) . Ideally, baseline homogenous groups can be attained in prospective studies by employing randomization (44) (45) (46) (47) . On the other hand, baseline similarity of samples in observational studies can also be ensured, using refined statistical methods, such as propensity scores/discrimant analyses (13, 15, 48, 49) , to 'match' the compared samples and reduce bias (50) . However, such methods are still not widely employed in orthodontics (51) and should be considered in future studies.
The present systematic review has several advantages, namely its protocol was registered a priori in PROS-PERO and it employed wide unrestricted literature changes and robust methods (such as the iterative Paule-Mandel random-effects estimator that is less biased than the commonly used DerSimonian-Laird estimator) (52) . Additionally, all post hoc deviations were listed in detail (Appendix S2) and the review's data set was transparently provided (53) . However, there are also several limitations. First and foremost, the present review is based on a sample of mostly nonrandomized trials that are potentially biased (54) , and especially retrospective trials that are more biased than prospective ones (14) . Additionally, the effects of extraction therapy on the facial profile were Table 4 Original analysis and sensitivity analysis including only studies with relatively homogenous experimental/nonexperimental groups at baseline [standardized mean difference (SMD) ≤ 0. Evidence of a dose-response relationship with the amount of upper incisor retraction; however, risk of bias is high, which diminishes the credibility of this association; no upgrade. § Downgraded by a value of one because of high heterogeneity, which might affect our confidence regarding whether to perform Ex (studies on both sides of the forest plot); however, subgroup analyses explain part of the heterogeneity. ¶ Downgraded by a value of one as a result of imprecision originating from the inclusion of a small sample size. **Standardized mean difference was back-transformed to a 0-100 visual analogue scale, based on the data of BOWMAN & JOHNSTON (37) considerably heterogenous, and although some heterogeneity was explained by subgroup, meta-regression, and sensitivity analyses, heterogeneity should be taken into account during clinical decision-making. The results of the present systematic review might be applicable to a wide patient clientele as a result of the number and diversity of studies included, which covered adult or adolescent patients treated in university clinics, private practices, and hospitals of 13 countries in four different continents.
The present systematic review of controlled clinical evidence indicates that fixed appliance treatment with tooth extractions might be associated with differences in the soft tissue profile compared to nonextraction treatment, the extent of which are dependent on patient age, extraction protocol, and treatment-associated retraction of the upper incisors. However, existing studies report heterogenous results and no consistent predictions of profile response can be made. The current evidence base is based on retrospective clinical studies of potentially compromised internal validity as a result of their study design, methodological issues, incomplete reporting, and limited sample.
Future studies aiming to assess the effects of extractions on the facial profile should ideally adopt a prospective controlled design, calculate a priori the sample size needed for all outcomes, and report in full detail patient characteristics, the appliances/mechanics used, dental effects, and quantitative results. Future studies should ideally ensure that the groups compared are fully balanced for all known or unknown factors through randomization. In cases in which randomization is not easily employed, future studies should, at a minimum, ensure that the groups compared are a priori fully matched at baseline (for example, through propensity scores or discriminant analysis) for all known important factors, including age, soft tissue profile, extraction protocol, treatment mechanics, and planned incisor retraction. A priori registration of the study protocol and subsequently making all measured data freely accessible can further enhance the transparency and reproducibility of research findings.
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